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Jets in Heavy lon Collisions

The picture is complicated compared to p+p:

The scattered hard parton is produced
early in time (t~1/sqrt(Q)).

It encounters the hot-dense medium
through its evolution.

The medium is expected to modifiy

its radiation pattern with respect to
QCD by (dominantly at high jet energy)
inducing the radiation of soft gluons
leading to the well known

phenomena of Jet Quenching.

Hadronization in vacuum for sufficiently
boosted partons.



Jet Quenching& full jet reconstruction

The medium changes the QCD jet radiation pattern via the induced emission of soft
gluons. We expect:
-degradation of the leading parton
-increase in the jet shower multiplicity
-average gain of momentum or “heating” of the intrajet pT

edium-modified fragmentation
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From the study of the energy redistribution inside jets we aim extracting information
like transport properties of the medium: (i.e, in BDMPS formalism broadening and
energy loss can be dynamically related via a single parameter, the ghat, which
represents the average momentum given by the medium to the scattered parton per
unit path length, thus linked to medium density)



Jet physics with ALICE

And full jet reconstruction is a challenge in HIC



Jet Physics with ALICE

1st year based on central tracking detectors

—~jets from charged particles only
1.recover the whole jet

~>low momentum cut off (150 MeV) structure.

—good momentum resolution down to very low pT _
2.reduced bias towards hard

—>clustering directly on particles, not on calorimeter TR e el st [

cells 3. But higher background
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Jets in pp

raw charged jet spectrum from p+p collisions at s = 7 TeV
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Jets in pp or in peripheral PbPb
collisions are the reference for

“ the study of medium modifications.

~ 33% of full statistics (2010)
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Good agreement between jet finders above 20 GeV.



Jets in PbPb: the background

Aige + Jetarea

L= PrE — .. 1 ;
PTjet = Prjet — P s Ajﬂ* 10X AI“ o: background fluctuations

Background coming from the UE contaminates the jet proportionally to its area.

In ALICE we follow a two step procedure to correct for background:

1. Estimate background density p event-by-event:
and obtain ,
where pTi and Ai are the momentum and area of the ith jet in the event.
In the limit of a dense and homogeneous background, every cluster would
have momentum density p.

2. Estimate background fluctuations around p: background
non-uniformities cause jet energy irresolution.
Quantify via the embedding of probes in HIC events and
correct via unfolding.



Background density
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The strong change of p with centrality shows multiplicity evolution within centrality bin

Some numbers to keep in mind: In 0-10% central bin, <p>=140 GeV/area
—> an average contamination of 70 GeV in a cone of R=0.4




Background fluctuations
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single tracks: 6 probes for background

random cones: fixed area
nonoverlapping cones are randomly
distributed in the event.

o P, (GeVic)

be
6pT = Prjer — P X Ajer — T,(jet)
Ajg; : jet area
p = median(pr/Aje;)

J'::ﬂ : transverse momentum of embedded probe (e.g. jet or single track)




Background fluctuations
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Observations:

-Fluctuations seem rather
independent on the type of
probe.

-Background correction should
not depend on the fragmentation
pattern for it is unknown.

-Fluctuations centered around
zero—> check for background
subtraction quality.

-High pT tails show presence of
the signal.

(See that when the 2 leading
random jets are excluded, the tail
is suppressed)

—>energy irresolution of ~10 GeV in a cone of R=0.4 due to background



ALICE Parformance 02/04/2011
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Fluctuations from LHS fits of
opT

distributions show
behaviour close

to poissonian limit.

ALICE Parformance 02/04/2011

06, =490
aBi (excl. 2 leading jets)
- LHE Gaus fit:p = B, o= 384
nanti%, embedded tracks 50280 GeV

Background fluctuations
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Background subtraction quality
is independent on the level of
background.

central

peripheral



The inclusive cross section

anti-k_ R = 0.4 [n] < 0.4 ||

- 0-80"%
- 0-10%
e -» w 10=-30"%
——— L . - ,
oo H e g 30-s0% ALICE Performance
—— - 50- 0% r = L T L

ppi~air Uncorrected

—— 02/15/2011

L 1L

m rrm I|
|
L1 III.l|

il —
=
——
——

...III L III.l|

y
5=
_.__- -
» L .
T ++—H_
, T —i—

!
;
W+| 11l l|

|

LHC2010 Pb+Pb Runy
(partial statistic

ism‘ =276 TeV

100
x A (GeVlc)

Raw antikT jet spectrum for different centralities.

Background is subtracted on average on an event by event basis.
Smearing of the spectrum due to residual background fluctuations is
apparent: correction via unfolding is in progress.



Conclusions

-Current status of the analysis of the inclusive jet spectrum in ALICE was
presented

-Emphasis on background corrections: irresolution in the jet energy due to
background fluctuations is the largest uncertainty

-Extensive studies on background irresolution in progress:
study dependence on type of probe, on jet area,on fragmentation pattern,
angle with respect to reaction plane...

-Physics to come soon: RAA for jets, ratio of the jet cross section for
different resolutions, intrajet distributions.....



back up



Jet algorithms

Recombination algorithms are baseds on successive pair-wise recombination of particles:

1. For each pair of particles i, 7 work out the k; distance

: 2 27 ; 2
d;; = min(k,”, k,;7) AR?. /R*

with i\f?fj = (yi—y;)*+(di—@;)?, where k;;, y; and ¢; are the transverse
momentum, rapidity and azimuth of particle ¢ and R is a jet-radius
parameter usually taken of order 1: for each parton i also work out the
beam distance d;p = kff i

Find the minimum d,;, of all the d;;, d;p. If d,,;, is a d;; merge particles
i and 7 into a single particle, summing their four-momenta (this is E-
scheme recombination); if it is a d;p then declare particle i to be a final
jet and remove it from the list.

3. Repeat from step 1 until no particles are left.

When p—1 we recover kp while p = —1 corresponds to antikT definition.
Note that minimization of kp distance is just a maximization of QCD split-
ting probability so kr traces back the (QCD branching sequence. This is not
the case of antiky.

Note also that kp starts clustering the low pr particles among themselves
while the antikr proceeds by clustering around the hardest first. These dif-
ferent approaches lead to different jet properties: the kr jet is soft-adaptable,
meaning that its area is arbitrarely shaped in 7,¢. The antiky jet is soft re-
silient and its area is smaller and like a pure cone jet area at high pr |7].
Depending on its area a jet will be differently affected by pileup background
(ec R?), hadronization (oc 1/R) or pQCD radiation(oc R).




Centrality determination

estimate centrality of collision with VO detector

V0 detector:

— two arrays of 32 scintillator tiles

— 2.8¢|n|¢<5.1,-3.7¢<|n| ¢-1.7

>

central 0-10%

PRL 106, 032301 (2011)
arXiv:1012.1657v2
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Background&fragmentation pattern
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Single Particle, p®™ = 0.1GeV/ic
Single Particle, p;™" = 30.0GeV/c

PYTHIA, 1.0 < p®™ < 5.0 GeWlc (30 jets)
PYTHIA, pi™® = 30.0 GeVic (30 jets)

QPYTHIA, 1.0 < p®™® < 5.0 GeVic (30 jets)
QPYTHIA, p;'“'“ = 30.0 GeWc (30 jets) _
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Is this simply larger area effect? By =P - AT -0 (GeV)

We don’t want the background correction to depend on the fragmentation pattern
for itis unknown.
Embedding of quenched jets under study in ALICE....




Some shots: RAA/RCP: preparation of a reference spectrum

Pythia comparison with DO
extrapolation (Tsallis fit)

————— Extrapoisted from D0 dats, R=0.7, Tsallis 8{&30 GeWV and 1800 GaV)
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-Extrapolation of DO spectra: same acceptance but different resolution R=0.7,
including neutrals.

-Extrapolation of Alice pp jet spectrum to 2.76 GeV

-Use peripheral spectrum as reference (low statistics)




Formalisms for energy loss in medium:

- ]:
- static ensemble of heavy scattering centers
-vacuum and medium intereference is taken into account.
—full LPM interference is considered.

-the energy loss is considered in an extended medium in equilibrium at high
tempertautel->co

-leading order radiation rates are computed (the medium gives kicks of gT)
and then multiple emissions are obtained with foker-plank equations.

-weakly coupled plasma

-no interference between vacuum and medium

-flavour changing

-the only one including partonic feedback from the medium.

-static yukawa-like scattering centres
-vacuum-medium intereference

-expansion in opacity (default=N=1, single hard scattering)

-power corrections to the leading twist corss section, which, though
suppressed by powers of the hard scale Q2, are enhanced by the length
of the medium.

-radiation kernel similar to GLV.

-vacuum radiation in dglap evolution



BDMPS-Z formalism

The kernel

The medium is modelled as
an ensemble of heavy static
scattering centers—=>>

The propagation of the incoming-outgoing quark and that of
the radiated gluon can be expressed in terms of Green functions:

iy e2) = [ Dr@) vkl{% /

In the

N

demann, Nucl P hys.B!

Medium properties encoded in =density of scattering centres
=dipole cross section, containing

information of the strength of

the single elastic interaction.
Two approximations to solve eq. 2.1:
Smooth
interpolation
between the

two approaches
in2.1

- . T .. .. 4
1.Mulitple soft scatterings: n(&)olr) = 5ql&)r"

2.Single hard scattering (derived also by GILV): ekt of (r

[5)]



Multiple soft approximation

Brownian motion in transverse space

: average transverse momentum given
by the medium to the hard parton per unit path length

_ 1 'Jrl med

A

In this approximation the path integral in 2.1 simplifies to that of an harmonic oscilator and
the medium spectrum can be calculated as:

medium

vacuum- ium interference
] 0 L

Vacuum
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In a medium of length L the gluon gains
enough transverse kicks to decohere from
the hard parton at w~wc:




Multiple soft approximation

" BONPS (R=00}

The energy spectrum is suppressed as ";L
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